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© Cholesterol-lowering agents and veterinary cholesterol-lowering agents. 

® wh^ h l e ^hL° Werin9 ( - c ° mpo ?!^ on comprising an effective amount of at least one member of LPS 
whose macrophage activation ED* is 0.4 - 100 ng/ml of culture solution in terms of its Hmuk.s 
ZSETiZ TN^ n \° b l e Z e<i ° n 3 ^ m ° id ^ P^Pared by determining the Sy 3 £ LPS to 
SttfVrilSr *ZL * ? ¥ macrophage cultured in vitro, and plotting the macrophage activation 
ability (/o) along the axis of ordinate wherein the ability is estimated to be 0 % in the case wher* it 

SSnST? 2? * e qUan K tity ° f T ^ F produCed by ^ophage wfth no LPS added thereto, fn^10u % is 
"2 macrophage activation ability which provides the maximal and constant quantity of TNF 

2S?3^hSJJf ^P" 3 ?® and pl ? ttin9 me limulus test-positive LPS content of the LPS along the 
axis of abscissa on a logarithmic scale, in admixture with a pharmaceutically or veterinarilv accented 
Sred r ; a""? administered to an a nima>. high cholesterol .evel of ^LSfprSd t 

an J^K^ '"if 8 " 9 hi9h c^ 6816 ™ 1 ,evel of a" animal comprising administration to said animal 
animaT 3 imposition effective to prevent or cure the high cholesterol level of said 
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The present invention relates to cholesterol-lowering agents and veterinary cholesterol-lowering agents. 

DESCRIPTION OF THE PRIOR ART 



Cholesterol is a representative sterol found in vertebrates. It is found in almost all the cells of human beings, 
and is present in a free form or an ester with a fatty acid. From an epidemiological viewpoint, there is the cor- 
relation between seium cholesterol level and the frequency of occurrence of ischemic heart diseases. Clinical 
data shows that a decrease of 1 % of serum cholesterol level leads to a decrease of 2 % of the frequency of 
occurrence of coronary artery diseases. This decrease is reported to be more significant in more risky coronary 
artery diseases; see "The newest therapy for circulatory diseases '86 to '8r edited by Yasuda, et al pp 424 
- 425, 1986, Nankohdo in Japan. 

Therefore, various cholesterol-lowering agents have been developed. But, only nicotinic acid is evaluated 
to be effective against circulatory diseases; see "The newest therapy for circulatory diseases '86 to '87" supra 
p. 425. 

Nicotinic acid, however, has adverse effects, and further cannot be administered to patients suffering from 
severe hypotension or bleeding through the artery; see "Commentary on the 11th Japanese Pharmacopeia- 
supervised by Japanese Official Compendium Association, p. C-1207, 1986, Hirokawa-shoten in Japan. 

BRIEF SUMMARY OF THE INVENTION 



The present invention is intended to provide cholesterol-lowering agents and veterinary cholesterol-low- 
enng agents which have a high degree of and lasting cholesterol-lowering effect but few adverse effects, and 
thus have a large therapeutic range, and furthermay be produced at a low cost, and may be administered orally, 
percutaneously or intravenously, and may be supplied in a large amount. 

The cholesterol-lowering agents and veterinary cholesterol-lowering agents according to the present inven- 
tion comprise at least one member of LPS whose macrophage activation ED50 is 0.4 - 100 ng/ml of culture sol- 
ution in terms of its limulus test-positive LPS content observed on a sigmoid curve prepared by determining 
the ability of the LPS to activate the TNF productivity of macrophage cultured in vitro, and plotting the 
macrophage activation ability (%) along the axis of ordinate wherein the ability is estimated to be 0 % in the 
case where it corresponds to the quantity of TNF produced by macrophage with no LPS added thereto and 
100 % js assigned to the macrophage activation ability which provides the maximal and constant quantity of 
TNF produced by the macrophage (the quantity is abbreviated only as "maximal constant" in the other parts 
of the specification), and plotting the limulus test-positive LPS content of the LPS along the axis of abscissa 
on a loganthrnic scale, if necessary or desired, in admixture with a pharmaceutical^ or veterinarily acceptable 
carrier. 



An additional object of the present invention is to provide a method of treating high cholesterol level of an 
animal including human being, comprising administration to said animal an amount of at least one member of 
the LPS of the present invention effective to prevent or lower high cholesterol level, if necessary or desired, in 
admixture with a pharmaceutical^ or veterinarily acceptable carrier. 

The term "therapeutic range" is the ratio of the maximum tolerant dose of the host to the medicine to the 
minimum effective dose of the medicine; the larger the ratio is, the better the medicine is. 

"At least one member" is intended to mean that the respective members of the LPS of the present invention 
may be used individually or may be combined with each other or with any other matter optionally so far as their 
intended purpose is not missed. 

"Macrophage" is the generic name for large amoeba-like cells which belong to immunocompetent cells 
are present in most internal tissues of animals, and prey and digest particulate foreign matter and waste cells 
in the body. 

"TN F" is the generic name for tumor necrosis factors produced by macrophage (The Journal of Biol Chem., 
260, pp. 2345-2354, 1985), and the production quantity of TNF increases depending on the activity of 
macrophage. 

"Limulus test" is a method invented by Levin in 1968 for quantitative determination of endotoxin using a 
horseshoe crab haemocyte extract and a chromogenic substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows the behavior of wheat LPS and E. coli LPS available for use according to the present invention 
on SDS electrophoresis in comparison with those of standard markers. 

Fig. 2 is a gas chromatographic chart of wheat LPS. showing the peaks evidencing the presence of fatty 
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acids therein. 

•ckbftmTn* Chr ° matographic chart of E coli LPS - showing the peaks evidencing the presence of fatty 

Fig. 4 is a gas chromatographic chart of B. pertussis LPS available for use according to the present inven- 
tion, showing the peaks evidencing the presence of fatty acids therein. * - 

Fi9S ; 5 10 , io re 9faphS evidencin 9 *• elation between the macrophage activation ability and the limulus 
test-positive LPS content within the purview of the present invention. 

Fig. 9 is a graph showing a cholesterol-lowering effect of the LPS according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

tem nl!!, LPS aVai,a . b,e for J " se as an active ingredient of a cholesterol-lowering agent or a veterinary choles- 
terol-lowenng agent accordmg to the present invention may be chosen regardless of Its source, process for its 
production and purification orthe like. For example, the LPS may be anyone extracted from bacteria or plants 
or may be a synthetic one such as synthetic lipid A. Here, throughout the specification and particularly in the 
claims, the LPS qualified with its source should not be interpreted to be restricted only those obtained from the 

SSU'U * To?^* il Sh ° Uld bS inter P reted that the LPS ind"de. in addition to those from the specified 
source all the LPS obtained from bacteria or the like which grow on. in or together with the specified source 
dunng the course of its growth, storage, distribution or the like. For example, wheat LPS should be interpreted 
to include not only LPS from wheat, but also all the LPS obtained from bacteria or the like which grow on in 
or together with wheat during the course of its growth, storage, distribution or the like. This is because it is well 
known m the art that, besides the hitherto known parasitic plants and animals, many types of organisms are 
allowed to grow on. in or together with certain plants, animals, or organisms belonging to mycota or lichenes 
Of the above-mentioned LPS, the LPS available for use as an active ingredient of a cholesterol-lowering 
agent or a vetennary cholesterol-lowering agent according to the present invention include those whose 
macrophage actuation ED M is 0.4 - 1 00 ng/ml of culture solution in terms of its limulus test-positive LPS content 
observed on a sigmoid curve prepared by determining the ability of the LPS to activate the TNF productivity of 
macrophage cultured in vitro, and plotting the macrophage activation ability (%) along the axis of ordinate whe- 
rein the ability ,s estimated to be 0 % in the case where it corresponds to the quantity of TNF produced by 
macrophage with no LPS added thereto, and 100 % is assigned to the macrophage activation ability which pro- 
vides the maximal and constant quantity of TNF produced by the macrophage, and plotting the limulus test- 
positive LPS content of the LPS along the axis of abscissa on a logarithmic scale. 

Limulus test-positive bacterial LPS 

The hitherto known E. coli LPS. B. pertussis LPS. lipid A. etc. come under the captioned LPS. 
E. coli LPS is commercially available from, for example, Difco Co. in U.S.A 

B. pertussis LPS is commercially available from, for example, Funakoshi Yakuhin (Funakoshi Pharmaceuti- 
cals Co.) m Japan. Alternatively. B. pertussis LPS may be prepared from dead cells of any publicly known B 
pertussis, for example, Tohama I phase strain, by any of the publicly known processes described, for example' 
in the following literature: ' 
Webster, et al., V. Immunol.; 744, 55, 1955; and 
Westphal, et al.. "Z. Naturforsch". 76, 148, 1952. 

Lipid A is commercially available from, for example, Dai-ichi Kagakuyakuhin (Dai-ichi Chemicals Co ) in 
Japan. ' 

Limulus test-positive vegetable LPS 

The plants available for use as the starting material to prepare the cholesterol-lowering agents and veteri- 
nary cholesterol-lowering agents according to the present invention will be exemplified below. 

For example, any plant belonging to Gymnospermae, Monocotyledoneae, Dicotyledoneae. Pteridophyta 
algae or Fungi may be used separately or in admixture with each other. ' 

The plants belonging to Gymnospermae available for use in the present invention include, for example 
pine (Pmus spp.) belonging to Pinaceae. 

Illustrative embodiments of the plants belonging to Monocotyledoneae available for use in the present 
invention are nee (Oryza sativa L). wheat (Triticum sativum Lamarck, Triticum aestrvum L), barley rye oats 
(Avena fatua.), Sasa atbomarginata, and pearl barley (Co/x Lacryma-jobi L var. Ma-yuen Stapf) belonging to 
Gramineae; blue flag (Iris sanguinea Donn., Iris Nertschinskia Lodd.) belonging to Iridaceae; garlic (Allium sati- 
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vum L ), asparagus (Asparagus officinalis L.) and dwarf I ilyturf (Ophiopogon japonicus Ker-GawL van genuinus 
Maxim., O. japonicus Ker-GawL) belonging to Liliaceae; ginger {Zingiber officinale Roscoe), Japanese ginger 
(Zingiber mioga) and tumeric (Carcuma domestica Vafoton, Carcuma fonga L) belonging to Zingiberaceae; 
jack-in-the-culprit (Arisaema triphyllum), etc. 

The plants belonging to Dicotyledoneae available for use in the present invention are, for examle, those 
belonging to Rubiaceae, Cruciferae, Cucurbitaceae, Lauraceae, Juglandaceae, Piperaceae, Umbelliferae, 
Menispermaceae, Saururaceae, Solanaceae, Rosaceae, Actinidiaceae. Leguminosae, Rutaceae, Mag- 
noliaceae or Myristicaceae. More particularly, soybean (Glycine Max Merill), "adzuki" bean (Azukia angularis 
Ohwi), broad bean (ViciaL.) t kudzu (Puerariaihunbergiana), and licorice (Giycyrrhiza glabra L van gtandutifera 
Regal et Herder) belonging to Leguminosae; potato (Solanum tuberosum L), tomato (Solanum lycopersicum 
L, Lycopersicum esculantum MM.), and red pepper. (Capsicum annuum L) belonging to Solanaceae; loquat 
(Enbotrya japonica Lindl.) and peach (Prunus persica Batsch., Prunus persica Batsch. var. vurgalis Maxim.) 
belonging to Rosaceae; avocado (Persea americana Milt.) belonging to Lauraceae; walnut belonging to Jug- 
landaceae; pumpukin (Cucurbita moschata Duch.) and* Gynosiamma pentaphyllum (Thunb.) belonging to 
Cucurbitaceae; kaiware daikon (Japanese radish) belonging to Cruciferae; silvervine (Actinidia polygama 
Maxim.) belonging to actinidiaceae; Houttuynia cardata Thunb. belonging to Saururaceae; pepper (Piper nig- 
rum L) belonging to Peperaceae; lllicium varum Hook ffl.; nutmeg (Myristlca fragrans Houtt.) belonging to 
Myristicaceae; sour orange (Citrus aurantium L. subsp. amara Engl., Citrus bigaradla Risso et Pointean) 
belonging to Rutaceae; "otane ninjin m (otane carrot) belonging to Araliaceae; Seseli libanotis Koch var. dauci- 
folia DC. belonging to Umbelliferae; Sinomenium acuium Rehd. et Wits, belonging to Menispermaceae; Uncaria 
mychophylla Miq., Ourouparia mynchohylla Matsum. beibnging to Rubiaceae, etc. may be used. 

The plants belonging to Pteridophyta available for use according to the present invention are, for examle 
horse tail (Equisetum arvense L) belonging to Equisetaceae; royal fern (Osmunda japonica Thunb.) belonging 
to Osmundaceae, etc. 

As plants belonging to Algae, any one belonging to, for example, Phaeophyceae, Rhodophyceae, 
Chlorophyceae or Cyanophyceae may be used separately or in admixture with each other. Illustrative embo^ 
diments of those belonging to Phaeophyceae are Undaria pinnaWda Sunngarand kelp (Laminaria japonica) 
belonging to Laminariaceae; Hizikia fustformis belonging to Sargassaceaeu, etc. Illustrative embodiments of 
those belonging to Rhodophyceae are asakusa laver (Porphyra tenera) belonging to Bangiaceae, etc. Illustra- 
tive embodiments of those belonging to Chlorophyceae are chlorella (Chlorella) belonging to Oocystaceae, etc. 

As a fungus available for use according to the present invention, for example, any one belonging to Basi- 
diomycetes or Ascomycetes may be used separately or in admixture with each other. Illustrative embodiments 
of those belonging to Basidiomycetes are Lentinus edodes Sing., Cortineflus shiitake P. Henn.; winter mus- 
hroom (Flammulina velutipes); Lyophyilum shimeji; maitake (phonetically spelled); awabitake (phonetically 
spelled) belonging to Polyporaceae; mushroom (Agaricus bisporus, Agaricus bitorquis); Jew's ear (Himeola 
auncula-judae Berk., Auricularia auricula-judae Quel) belonging to auriculariaceae; Phol/ota nameko. Illustra- 
tive embodiments of those belonging to Ascomycetes are baker's yeast and brewer's yeast belonging to Sao 
charomycetaceae. Here the "brewer's yeast" include those for brewing beer, sake (a Japanese alcohoric 
beverage) or wine or making shoyu (a Japanese soy sauce) or miso (a Japanese food paste made of soybeans, 
etc.), and further many other types of yeast belonging to Saccharomycetaceae and used for the preparation 
of whiskey, samshu (a Chinese alcohoric beverage) or the like, also Cordyceps sinensis Sacc, Cordyceps 
sobotifara belonging to Claviciptaceae may be used according the present invention. 

Detection and quantitative determination of limulus test-positive LPS 

The detection of the limulus test-positive LPS contained in any one of the plants referred to above and the 
determination of their LPS content may be earned out by using, for example, a reagent set commercially avail- 
able from Sei-Kagaku Kogyo Co. in Japan under the trade name of Toxi Color System. That is, the starting 
plant is contacted with LS-1 set of said system, and the chromogenic strength of the plant is determined in com- 
panson with the data of the calibration curve prepared using the Et-2 set of said system. 

The vegetable LPS may be separated and purified in such a manner as mentioned below. 

Separation and purification of limulus test-positive vegetable LPS 

1) The starting plant is f if necessary after being sliced, dried and pulverized appropriately, suspended in 
distilled water, and then the supernatant is collected. 

For example, in case the starting plant is supplied in the form of cereal seeds, then the seeds are, if neces- 
sary or desired, after the removal of the seed coats, somewhat crushed or pulverized to an edible particle 
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2* T f h^ WderS ' re !, U ' tin9 P ° WderS are Prepared as a di «Persion by addition of water thereto and stir 
red. The d,spers,on * allowed to stand or subjected to centrifugation to remove the sediment or tS 2T 

::z n j. worked into a dou9h by kneadin9 - and is gent,y - shed - — ■ sssis: z 

L«n!f ^H V Hl ere < ! hl0 ' e !! a ! S US6d 38 the Startin9 P,ant then " is ^commended first to crush the cell mem- 
w»h water *" ^ ethan °' to ° ff the fat - solub,e matter P** to the extracuon 

TnT f ^ S f aCti0n iS effeCted ' ftew iS no need to P ut "™te«°ns on the particle size of the startino 
and te /? Pe ^ hJre ' the pr °P erties and th * ^antty of the water, the speed and the time of the S 

r™ D ? ac ^ 

a higher ^punty For convenience only, however, the temperature of the water for the extracLl deSed 

used for «?n«i r ♦ ^ 968 depend, "9 on the type and *e particle size of the staring plant 
used, for easiness of operation only, it is desired to be 20-50 w/v %. At the end of this staae Q f nrll 

value in the case of wheat seeds judging from the data on limulus test activity 

se^e^d SSf 018 spe f f*" 1 wi » ™*> ™* Particular reference to the case where cereal 
seeds are used as the starbng matenal. But, no doubt it is sure that the teachings found in such descriotion 

SJc^vfnS 9 T 3 hi9he ^ ""^ * he supematant from *• ab °ve 1) may be subjected to ultrafiltration in 
the conventual manner to remove fractions having molecular weights of 5.000 or less 
3) The resulting dried sample is then suspended in distilled water to a proportion of 50 mg/mf after which 
its subjected to centrifugation to collect the supernatant 

sL^mentHr^ *°S ^ f"* 3> * ° n iCe Water ' and men an acid ^ded thereto to produce 

^ ' trifl u uoraacetic acid ' aca «c acid or dichloroacetic acid may be employed 

J2 ^andXrJsulSf 10 C ( e f ift, ( ? aHon to the se diment which is then washed with distilled 
water, and then is subjected to centrrfugation again to collect the sediment 

una thet^Tl? T 3b ?r ^ fe SUspended in dolled water, and an alkali is added to the suspension 

be SLmSL SST ^ ,Um Carb ° nate ' S ° dlUm aCetate ° r the ,ike ™* be used - Her *. should 
tn J2r^ 1 ° f the SUSDens,on does not 90 overpH 11 when the sediment dissolves in order 

to keep the object LPS from being deactivated. =>«ve 5 m oraer 

7) Then an acid is added to the suspension to bring its pH to pH 8 followed by warming to 37»C Further 
wanSa^ 

2 T^^n!^!^ 6 ' 1 S " pematant iS 00016(1 °" ice ' and then sub j eoted to centrifugation at 4°C again. 
Itration in the conventional manner. Here, any alkali may be used 

irU^ n C °" Ce " bate is sut »jected to gel filtration in the conventional manner, and limulus test-positive 

U T< r !^^ t 20 °' Sepharose 68 (*e foregoing are all manufactured by Pharmacia Inc in 
KcJvo f^fn j ana man " fe ^ red * Biorad Toyo Pear. HW-50. HW-55(manufac!ured by Toyo S od a 
Kogyo Co. in Japan), or the like. The buffer solution may be any one as long as it can keen the dH within 
the range of 3-10. For example. Tris-HC, or phosphate buffer solutions may be usS 
™ ™ n H a pr ° ta0 S rtic enzyme is added to 1,16 combined fractions which are then incubated at 37«C for 2 
uTtrS^nTn^ deCOmpOSe *• remalnina P roteins - T he thus treated solution is then concentrated by 

thereof ^^?h1'c?mrotS ,n • TS " ^T^'" b ° US6d Separate| y ° r in optional -mbSons 
thereof. The commercially available proteolytic enzymes which may be used according to the oresent 

■nvenfon include, for example. Pronase* (Kaken Kagaku Co. in Japan) and ProteS^(Mero cEUTf 

l*UH? n ? e C ?" eCte i fra0tiOnS are treated ^"^"tionally, for example, by being subjected to ion-ex- 
^2 «S r mat ° 9 / aphy usinG mono Q Sepharose or Q Sepharose manufactured by Pharmacia Inc to 
collect the limulus test-positive fractions. w nc " 10 
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"t-p^ about 20 % of the originally pres?nt 

degree. In addition, in order S55^2S^^S * '"■ T ^ to a " ° pti0nal desired 
o manner including lyophilization and^y Z^'^TS^S^ ** the conventi °na< 

f y arymg. tach of these forms may be produced conventionally 

^^fapj ^ Qf ^ LPS accordin, to the present jnvengon to ^ ^ ^^^m^ 

chemicals were tried to stimulate the respects , stem's The JZL* J?™' Thereafter > man V candidate 
(endogenous TNF production stimulatort wMe That' 2l^T J ? * **'* Priminfl ste P fe a P*"* 
(endogenous TNF pmductive age™ administered to start the triggering step is a trigger 

^ The S? 8 ?T theret °- - ^TS^S^^ 83 ^ Pr&ner f0 " 0Wed by additi °" ° f 

der referred to only as MEM) with 5 % fetal iTs^m ^ 1 MmmUm Essential Mediu ™ ("ereun- 

100 nf of the medium contains 8 x t^te a^TtoTZT^™" * FCS) added *«*» until 

wells. Ce,,S • and men 11,8 «»« are grown in a flat-bottomed plate having 96 

The growth conditions are 37°C in the presence of «; v nr > - ^ ^ 
and the procedures may be the same as fo S contentortS ST?! " T"* ° f 1 °° % f ° r 2 hours ' 
med.um to a final concentration of 1 ug/mf and th^, Jl ^ i J " act ' nom y"n D is added to the 
Immediately thereafter 50 af of the samS-lw ° f the CUlture solution is adjusted to 150 at 

ution. Here. ED,,, may be t^S* J^TRS? ^ ^ " added t0 the «"« ^ 

volume of 200 „f are cultured for an IKSShJl d '^°" aPP™P«ately. The L-929 cells having a final 

In order to determine the cell n««*2£ fS ?Z h "IT 33 described 

a 1% methy, alcoholic so»ution conSn^c by addition of 
eukaryotic cells, but the dead cells are removed offtom ZX?^??*** CfyStal vio,et stains a » the 
ing;so the ce«. necrosis activity may b ^m^^^J^T^^^^ 6 ^ 
adsorption atOD^. and is compared with Zof a S2"J5L Stamm9 de 9 ree is me asured on the basis of 
is defined as follows. eow.tnthatof a control to determme the cell necrosis activity. This activity 

dilution which provides ED^, of rabbttTNS fe^errrtned US ' n9 2 4 X W units '«*™ of ™F-«. The 

The activity of the sample (units/mf) is calculated by the equation N/C x n. 
Forms supplied 

pastes, ointments, .iniments. lotions. auppoSSS^SSK^S^^t^^ raPSUleS ' S ° ,Utions ' 

prepared in the form of feed additives premix t FoTvetBmar y use - also the agents may be 

arations- are such preparations as conteTnT-S P ' dnnkm9 Water additives. Here, the "premix prep- 

feed. Thefeed additives are ^Z^^S^J^^ " «* they are easily mixed in the 
to prepare the above -mentioned feed addS prTrn^ ma * "e used 

mins. amino acids and any other feed addiS P"***""*. etc. The feed may contain minerals, vita- 

appearance, etc. The excipients include for tJSZS^f V C ° rTeCt,Ves to im P™e taste, odor. 
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tate, phenols, methyl, ethyl or propylparaben, etc. The buffers include, for example, citric, acetic or phosphoric 
acid salts, etc. 

Hereunder, the present invention will be explained in detail with reference to reference examples, examples 
and experiments. 

5 

Reference Example 1 (preparation of wheat LPS) 

1) In a small kneader, there was charged 3,120 g of hard flour containing 1.09% of ash (Hard Red Spring 
wheat from U.SA. or Canada) followed by addition of 2.03? of distilled water thereto and kneading for 10 

w minutes to prepare a dough. The mixture was allowed to stand for 1 5 minutes, and then 1 0f of water was added 
to the mixture followed by gentle stirring to extract a starch emulsion and to dissolve soluble ingredients in the 
water. The resulting solution was allowed to stand in a refrigerator at 5°C for 12 hours, and then the sediment 
containing starch etc. was removed. The supernatant was lyophilized to get 201.1 g of powders (Powder A). 
Then 5 i of distilled water was added to the residual dough followed by gentle stirring, and the mixture was 

is treated in the same manner as the above to get 40.1 g of powders (Powder B). 

2) The powders A and B were charged in an ultrafilter HF-Lab1 (Amicon Co.), and the ultrafiltration was 
carried out using a hollow cartridge HF-Lab1PM5 for fractions having a molecular weight of 5,000, and another 
hollow cartridge HF-Lab1 PM10 for fractions having a molecular weight of 1 0,000; the temperature range was 
5 - 10°C , the inlet pressure was 25 p.s.i. (1.76 kg/cm 2 ), and the outlet pressure was 15 p.s.L (1.06 kg/cm 2 ). 

20 As a result the respective fractions were named as follows: 

Powder A: Fractions having a molecular weight of 5,000 or less were named a 1t 

Fractions having a molecular weight of 5,000 or more were named a 2 . 
Powder B: Fractions having a molecular weight of 5,000 or less were named b v 
Fractions having a molecular weight of 5,000 or more were named ba. 
25 Powder A: Fractions having a molecular weight of 10,000 or less were named a 3 . 

Fractions having a molecular weight of 10,000 or more were named a*. 
Powder B: Fractions having a molecular weight of 10,000 or less were named b 3 . 

Fractions having a molecular weight of 10,000 or more were named b 4 . 
Each of these fractions was subjected to the limulus test according to the method detailed in Experiment 
30 1 given later, and it was confirmed that much limulus test-positive ingredients are present in fractions having 
a molecular weight of 5,000 or more, whereas little limulus test-positive ingredients are present in fractions hav- 
ing a molecular weight of 5,000 or less. 

3) Thirty grams of the above powder a 2 was placed in a 1 I Erienmeyer flask after which 600 m£ of distilled 
water waspoured thereon. The resulting mixture was stirred with a stirrer for 60 minutes, and then subjected 

35 to centrifugation at 10,000 G for 10 minutes using a Hitachi cooling type high speed centrifuge SCR-20B (the 
rotor RPR16 was cooled to 4°C beforehand) to recover the supernatant. 

4) The supernatant from the above 3) was placed in another 1 £ Erienmeyer flask followed by dropwise 
addition of 20.5m£ of a 1 00 % aqueous solution of TCA cooled to 2°C beforehand while cooling on ice (the 
temperature of the solution was about 2°C ) and stirring with a stirrer. After the completion of the dropwise addi- 

40 tion, the flask was allowed to stand in ice water for 1 0 minutes. 

5) Next, the mixture was subjected to centrifugation (at 1 0,000 G for 1 0 minutes) at 4°C in the same manner 
as the above to collect sediment which was in turn put in a 500 m£ beaker together with 300 mt of distilled 
water while cooling in ice water to prepare a suspension. The resulting suspension was cooled in ice water 
and subjected to centrifugation (at 10,000 G for 10 minutes) at 4°C in the same manner as the above to recover 

45 sediment. 

6) The sediment was placed in a 1 2 beaker followed by addition of 500 mf of distilled water to prepare a 
suspension. The resulting suspension was neutralized to pH 7 by the use of about 3.5mf of 1 N sodium hyd- 
roxide, and then, while cooling in ice water, about 2 m£ of 1 N sodium hydroxide was added to the neutralized 
suspension until a 0.02 N sodium hydroxide solution is prepared to dissolve the sediment. 

so 7) About 1 .5 mi of 1 N hydrochloric acid was added to the solution to bring the pH to 8 followed by addition 

of 1 00 m? of distilled water. The solution was transferred to a 1 1 Erienmeyer flask which was then shaken slowly 
in an incubator at 37°C for 30 minutes. 

8) The solution from the above 7) was mixed with 30 mf of a 100 % aqueous solution of TCA, and then 
slowly shaken in an incubator at 37°C for 10 minutes. Thereafter the solution was subjected to centrifugation 

55 at 3,000 G for 10 minutes using a centrifuge, Tomy CD100R (Tomy Seiki Co. in Japan) 

9) The supernatant was collected and cooled on ice, and then subjected to centrifugation at4°C (at 10,000 
G for 1 0 minutes.) 

10) The supernatant was collected and neutralized to pH 7 with about 3.6 mf of 10 N sodium hydroxide, 
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and the neutralized solution was concentrated using an ultrafilter (Toyo Roshi UHP-150. Filter:UK-1 0 N, Dress 
ure: 4.0 kg/cm 2 ) ' 2f " co ° 

1 1) The resulting concentrate (60 mf ) was subjected to gel filtration (buffer 10 mM Tris-HCf / 1 0 mM NaCf 
(PH7.5), flow speed: 60 mf/h.) to collect 20 mf fractions using Sepharose 6B column (manufactured by Phar- 
macia Inc., column size: 5 cm (i.d.) x 100 cm (2f )). 

12) The 43rd to 56th fractions were combined to prepare 280 mf of a solution followed by addition of 450 
H g of Pronase E (Kaken Kagaku Co. in Japan) and warmed at 37°C for 2 hours while shaking. Thereafter the 
mixture was concentrated using an ultrafilter (Toyo Roshi UHP-62, filter UK-10. N 2 pressure: 4.0 kg/cm 2 ) Then 
the concentrate was subjected to anion exchange chromatography using FPLC system (manufactured by Phar- 
macy Inc.. column: mono Q HR 10/10). That is, the sample was applied to the column using a buffer solution 
containing 10 mM Tris-HCf ( P H7.5) and 10mM of NaCf , and then the column was washed with 200 mf of the 
same type buffer solution as the above but containing an increased amount 165mM of NaCf. Then, totally 400 
mf of the eluate was used to elute the object LPS while increasing the NaCf concentration so that the NaCf 
concentration gradient ranges from 165 mM to 1 M. Two mf fractions were collected. The 5th to 8th fractions 
after the start of the concentration gradient which were confirmed to be positive to the limulus test were com- 
bined to y,eld 8 mf of LPS of about 92 % purity (LPS: 3.03 mg (in terms of E. coli LPS according to the limulus 
test; the same applies to the following), sugar 0.23 mg, protein: 0.04 mg) 

a x 1 ? n T, hen ' the 8 0 mf WaS sub J' ected to 9 el Oration (buffer water) using Sephadex G-25 (column: 2.0 cm (i 
d. ) x 20.2 cm (66 mf )) to collect 3 mf fractions. The 9th to 12th fractions confirmed to be positive to the limulus 
test were combined to yield 12 mf of glycolipid of about 95 % purity (LPS: 2.7 mg. sugar 0.18 mg. protein: 
0.03 mg). The sugar content was determined according to the phenol - sulfuric acid method, while the protein 
content according to the Lowry method. Here, the combined fractions were confirmed to be acidic by anion 
exchange chromatography. The molecular weight according to SDS electrophoresis was 6,000 - 10 000 

14) The above fractions were frozen at -80°C . and then lyophBized to a constant weight which was 
measured to be 0.75 mg. Hereunder, this lyophilized sample is refened to as wheat LPS only 

The limulus activity of wheat LPS was determined to be 2.7 mg according to the method described in Ex- 
penment 1 given later, so its specific activity is calculated to be 3.6 (2.7 + 0.75). Here, the foregoing purification 

EST" S wT?^ t0 h3Ve rem ° Ved substantja »y a(l *• independent sugars present as contaminants, 
so all the sugars detected are supposed to be those constituting the wheat LPS. Thus, the purity of the wheat 
LPS on the basis of weight at this stage may be calculated as follows: 

Protein content 0.03 mg 

LPS content 0.72 mg (0.75 - 0.03) 

Purity = 0.72 * 0.75 x 100 = 96 (%) 

Physical properties of wheat LPS 
15) Molecular weight 

Wheat LPS was dissolved in distilled water to prepare a 1 mg/mf solution of CHF. and 4 u f of the solution 
was placed ,n a 1.5 mf Treff tube. Separate*. 2.5 % of SDS, 5 % of mercaptoethano. and 10 mM Tris H S 
o th. I?"* f f t0 1 r M T EDTA to P' e P are 1 »' °<™ SDS treatment solution, and this solution waL added 
PhilS ? L ^ tube Which W3S then di PP ed in boili "9 water for 3 minxes. Phast System of 

™ f ' nc - used ,n the electrophoresis experiments. That is, one » f of the mixture was applied to a 
gel (Phast Gel Grad.ent 8-25 of Pharmacia Inc.) which was connected to the electrodes through SDS Buffer 
2?™ Pharmac,a ' ,nc ; the maximum potential difference and the maximum electric current were set to 250 v 
and 1 0 mA. respectively, and then the electrophoresis started. 

At the end of the electophoresis. the behaviors in Coomassie staining and silver staining were observed 
acet^c^r?d^,S Sni ?• ?T °t * ^ *• Staini " 9 • oMlon - and a mixture of methan <* 

1) Stained at 50°C for 8 minutes. 

2) Stained at 50°C for 5 minutes. 

3) Stained at 50°C for 8 minutes. 

4) Decolored at 50°C for 10 minutes. 

of 5^0^ 
6) Dried. 

The silver staining was carried out in the following order: 
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at ^££2? ^ miXtUre ° f ethan °'' aC6tiC 3Cid and distilled — ■" * vdumetric ratio of 5:1:4) 
at £?£ ^JX? ^ ^ ° f ethan °'- ^ 3dd and dis « ,Ied ™*« ■" a —trie ratio of 10:5:85) 

2 522 2? 3 Sen ! fti2er S0,Uti ° n (8 - 3 % 9 ,uter dialdehyde) at 50°C for 6 minutes 

7) Treated with a wash (deionized water) at 50»C for 2 minutes 
8 Treated with a wash (deionized water) at50°C for 2 minutes' 

?o7r»i H W i 0 25 W/V % ° f Si,Ver nitrate at40 ° C for 13 

1 0) Treated with a wash (deionized water) at 30«C for 30 seconds 

1 2 £22 ^ 3 !T aSh (deionized «t 30«C for 30 seconds! 

30oc T rS s ^ a d s eVe, °^ (0 04 WV % ° f foma,deh Vde + 2.5 w/v % of sodium carbonate as a wash) at 
3^Tm^ deVe, ° Per ^ WV % ° f fomaldeh ^ * 2.5 w/v * of sodium carbonate as a wash, at 

I S £22 W '!l! 3 00 tenrT,inah ' on soluto " (5 vAr % of acetic acid) at 50«C for 2 minutes 
rT^S:^ 



16) Dried 



sid^Ton to obse^s^ Stai "^ ™* d ^nce was taken into con- 

eating a moleculamefcht Tt Tw^ sT^ ^T "7? °' ^ LPS ^ found at a indi- 
avaiiabie from Difco Co L kT) we're o^ ed h! ^ ° f E ' 00,1 (0128:B8 «»™™*cialiy 

43,000. 67.000 and 94.000, respe^ely 6C ° TOSPOnd,n9t ° mdeCUlarwe, 9 hteof14 . 4 00,20.1000.30.000. 



16) Phosphorus content 



CSS 2 7pp e ^S - nS f lS) S aCCOfdin9 10 - Ch ™ ra «— «-n et a,.. 

whiten p^ed^smaJ t^ToZ "XT ? ^ 25 ^ of wheat LPS 

and then the mixtu "was Seated 2Tl «« h '^f^ there was added 20 n £ of 50 v/v % perchloric acid, 
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Table 1 



0 D sionn 


Sampl es 


0.002 
0 . 15 0 

0 . 6 2 0 

1 . 5 5 9 


Potassium di hydrogen phosphate 
(in terns of phosphorus; /t?) 

0 

0.25 

1 . 0 

2 . 5 


0.036 
0.073 
0 . 10 4 
0 . 13 9 


Wheat LPS (data of four samples) 
(content of Phosphorus calculated 
considering calibration curve; u g) 

0 . l 
0 . 2 
0 . 3 
0 . 4 



Note: The data of wheat LPS are modified by subtracting the 
values of the control not subjected to the heating from 
the observed values in order to avoid occurrence of errors 
due to mixing-in of inorganic phosphorus fronw for 
example. Phosphate buffer solution. 



On the assumption that the molecular weight of wheat LPS is 8.000. the number of phosphorus in LPS is 
calculated to be 1 - 4 per mol. according to the following equation on the basis of the data shown in the above 
table . 

Phosphorus content x 10-* * Motecularweioht J_ 

25x10-« 32 

For an explanation as to why the number of phosphorus ranged from 1 to 4, one may guess that the phosphoric 
acid (s) may be eliminated due to the mixing-in of the monophosphoesterase in the purification stage. In view 
of this, it may be right to conclude that wheat LPS has not less than 1 phosphorus per mol. 

17) Hexosamine content 



The captioned content was determined as follows according to the Elson-Morgan method (Library of 
biochemical experiments, No. 4, pp. 377 - 379. Tokyo Kagaku Dojin Shuppan Co. in Japan). 

Wheat LPS was dissolved in distilled water to prepare a solution containing 1 mg/m? of wheat LPS and 
its 100 n ( portion was placed in a test tube with a screwcap (manufactured by Iwaki Glass Co. in Japan! fol- 
lowed by addition of 100 u « of 6N HCf thereto, and the mixture was heated at 1 10°C for 16 hours, and then 
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about 200 \i £ of 4N NaOH was added to the mixture to bring the pH to 7. A 100p. £ portion of the mixture was 
separated off and placed in another test tube with a screwcap followed by addition of 200 n £ of Reagent A 
explained below thereto. The mixture was then heated at 105°C for 1 .5 hours, and then cooled with a running 
water. Next, a 100 n £ portion of the mixture was separated off followed by addition of 670 \l £ of a 96 % ethanol 
5 and then 67 £ of Reagent B explained below, and was then allowed to stand at room temperature for 1 hour 
followed by determination of adsorption at 535nm. As the standard sample to prepare the calibration curve, 
0.20 - 200 u. g/mf of N-acetyl glucosamine (Wako Jun-yaku Co. in Japan) was used. Reagent A: prepared by 
mixing 75 n £ of acetyl acetone and 2.5 m£ of 1.25 N sodium carbonate 

Reagent B: prepared by mixing 1.64 of p-dimethyl benzaldehyde, 30 m£ of cone, hydrochloric acid and 30 m£ 
10 of 96% ethanol 

As a result, the number of the hexosamine in wheat LPS was 6 ± 2 per mol. on the assumption that its 
molecular weight is 8,000. 



17) Fatty acid content 



To 90 n f of a solution of wheat LPS in distilled water containing 1 mg/mf of wheat LPS there was added 
10 \x £ of an internal standard (0.55 mM margaric acid) followed by addition of 1 .0 m£ of 0.5M sodium methylate 
for hydrolysis and esterification of fatty acid esters. The mixture was allowed to stand at room temperature for 
1 hour followed by the addition of 960 u £ of 0.5 N HCt thereto for neutralization. Two m£ of hexane was added 

20 to the mixture which was then stirred vigorously for 15 minutes. Next, the resulting mixture was subjected to 
centrifugation at 1,000 G for 5 minutes to separate off the hexane layer. The hexane was evaporated off by 
nitrogen gas, and the layer was concentrated to about 20 u. £ . The resulting concentrate was subjected to gas 
chromatography (GC8APF manufactured by Shimazu Co. in Japan; capillary column: FSCAP Sp2330 man- 
ufactured by Spelco Co. in Canada; carrier gas: nitrogen) to determine the fatty acid content As the standard 

25 for determination of the fatty acid content, there was used E. coli type LA-1 5-PP, a synthetic lipid A manufac- 
tured by Dai-ichi Kagaku Yakuhin Co. in Japan and known to have a molecular weight of 2,000 and a fatty acid 
count of 6 per mol. 

As a result, the number of the fatty acid in wheat LPS was 6 ± 2 per mol. on the assumption that its molecular 
weight is 8,000. 

30 The charts observed in the above gas chromatography are shown in accompanying Figs. 2-4. Fig. 2 is 

the chart of wheat LPS, Fig. 3 is that of E. coli LPS, and Fig. 4 is that of B. pertussis LPS. 

The retention times (minutes) corresponding to the main peaks shown in Figs. 2-4 are as follows: 

35 No. of peak Retention time (min, ) 

Fig, 2: 1 2*450 



2 2.758 

Fig. 3: 1 2-417 

2 2.7 4 2 

Fig. 4: 1 2.433 

2 3.0 2 8 

By the comparison of Figs. 2 -4, it is apparent that wheat LPS and E. coli LPS show similar charts, whereas 
the chart of wheat LPS is clearly different from that of B. pertussis LPS. 

55 18) KDO content 

The KDO content was determined as follows on the basis of the diphenylamine method (Shaby R. et a!., 
"Analytical Biochem.\ 58(1), pp. 123-129, 1974). 
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A KDO detection reagent was prepared by combining 500 mg of dipenylamine, 5 m£ of ethanol, 45 mi of 
glacial acetic acid and 50 m£ of cone, hydrochloric acid (all commercially available from Wako-junyaku Co. in 
Japan), a 500 a? portion of the prepared reagent was combined with 250 u£ of distilled water containing 1 .05 
mg/mf of wheat LPS. The resulting mixture was heated in a boiling water bath at 100°C for 30 minutes and 

5 then cooled in cooling water at 23°C for 30 minutes. The UV absorption of the mixture was determined at 420, 
470, 630 and 650 nm to provide data A420. A470, and Aeso, respectively. As the standard sample, there was 
used 250 uf of distilled water containing 127 ug/m£ of ammonium salt of KDO (Sigma Co. in U.S.A.). The value 
S for the test and standard samples was calculated according to the following equation: 

S = A420-A470 + A^ - A^so 

10 The value of the test sample (SJ was 0.379, whereas that of the standard sample (S,) was 0.294. The com- 

parison of the two values suggests that wheat LPS contains 5 ± 1 mol. on the assumption that its molecular 
weight is 8,000. 




Reference Example 2 (preparation of chlorella LPS) 

15 

1) Thirty grams of cell membrane-crushed chlorella (Mannan-foods YS Co. in Japan) was washed with 
ethanol until the wash was not colored green any more. 

2) The residue (26 g) was dissolved in distilled Water to prepare a 100 mg/mf solution which was then sha- 
ken at 45°C for 2 hours followed by centrifugation (4°C . 10 f 000 G for 30 min.). 

20 3) The supernatant was filtered through Toyo-roshi No. 2 followed by extraction with distilled water. 

4) The extracts (290 m£) were subjected to anion exchange chromatography under the following concdi- 
tions: 

Column: Q Sepharose (0 3 cm x 23 cm, volume: about 1 80 mf ) 
Buffer 10 mM Tris-HCf (pH 7.5) 
25 Gradient of NaC£ cone: 1 0 mM, 400 mM, 1 1vT 

Flow rate: 100 - 200 m£/hr. 
Temperature: Room temperature 

5) The eluate (31 0 m£) was treated with glucoamyiase at pH 5.0, 40°C , for about 2 hrs. to decompose the 
starch. The decomposition of the starch was confirmed by the fact that the coloring of the solution was not 

30 found in the starch iodide reaction. 

6) The solution was subjected to centrifugation (10,000 G for 10 min.) to collect the supernatant which was 
then nuetralized with a 10 N NaOH solution to pH 7 followed by ultrafiltration using a ultrafilter having a 
pore size which excludes matter having a molecular weight of 20,000 or more. 

7) The thus prepared concentrate (30 m!) was subjected to anion exchange chromatography using FPLC 
35 system (column: mono Q HR 1 0/1 0). That is, the sample was applied to the column using a buffer solution 

containing 10 mM Tris«HC£ (pH7.5) and 10mM of NaCf, and then the column was washed with 200 mf of 
the same type buffer solution as the above but containing an increased amount 165 mM of NaCf. Then, 
totally 400 mf of the eluate was used to elute the object LPS while increasing the NaCf concentration so 
that the NaCf concentration gradient ranges from 165 mM to 1 M. Two mt fractions were collected. The 
40 5th to 8th fractions after the start of the concentration gradient which were confirmed to be positive to the 

limulus test were combined. 

8) Then, a 8 mt portion of the fractions was subjected to gel filtration (buffer water) using Sephadex G-25 
(column: 2.0 cm (i. d. ) x 20.2 cm (66 m?)) to collect 3 m£ fractions. The 9th to 12th fractions confirmed to 
be positive to the limulus test were combined to yield a 12 mf solution (LPS: 14.3 mg, sugar 2.0 mg, protein: 

45 0.53 mg). The LPS content was determined by the procedure as described in Experiment 1 mentioned later, 

the sugar content was determined according to the phenol - sulfuric acid method, and the protein content 
according to the Lowry method. 

9) The above fractions were frozen at-80°C , and then lyophtlized to a constant weight which was measured 
to be 5.8 mg. Hereunder, this lyophilized sample is referred to as chlorella LPS. 

so The limulus activity of chlorella LPS corresponds to 14.3 mg , so its specific activity is calculated to be 2 5 

(14.3 + 5.8). 

The foregoing purification procedures are supposed to have removed substantially all the independent 
sugars present as contaminants, so ail the sugars detected are supposed to be those constituting chlorella LPS. 
Thus, the purity of chlorella LPS on the basis of weight at this stage may be calculated as follows: 
55 Protein content: 0.53 mg 

LPS content 5.27 mg (5.8 - 0.53) 
purity = 91 (%) (5.27 * 5.8 x 100) 
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Physical properties of chlorella LPS 



Following the procedures as described in Reference Example 1 , the captioned properties were determined 
as follows: 

Molecular weight 40,000 - 90,000 

Phosphorus content 4 ± 1 per molecular weight of 10,000 
Hexosamine content 7 ± 1 per molecular weight of 10,000 
Fatty acid content: 6 ± 1 per molecular weight of 10,000 
KDO content 2 ± 1 per molecular weight of 10,000 

Reference Example 3 (preparation of B. pertussis LPS) 



An experimental B. pertussis solution obtained from Serum Laboratory, a public institute of Chiba prefec- 
ture in Japan (2.0 x 1 0 1 ° cells / mf ) was used. 

is The solution was suspended in sterile water to prepare a suspension containing 25 mg (dry basis) / ml of 

dead cells. To the suspension, there was added an equivalent of a 90% hot phenol solution (68 - 70°C ) was 
added, and the mixture was shaked at 68°C for 1 hr. The mixture was subjected to centrifugation at 8,000 G, 
4°C for 20 min. to collect the aqueous layer. Sterile water in the same quantity as of the aqueous layer was 
added to the remaining phenol, and the mixture was shaked in the same manner as the above. The resulting 

20 aqueous layer was combined with the first aqueous layer followed by dialysis in running water overnight, and 
then the mature was concentrated to a tenth using a rotary evaporator. The concentrate was subjected to cen- 
trifugation at 8,000 G, 4°C for 20 min. The supernatant was separated off, and a small amount of sodium acetate 
was added thereto. Cold ethanol at 0 - 4°C was added to the mixture in an amount of six times as much as the 
latter, and the resulting mixture was allowed to stand at -20°C overnight. Then the mixture was subjected to 

25 centrifugation at 4,000 G, 4°C for 30 min. to collect the sediment which was subjected to centrifugal washing 
with ethanol (twice) and acetone (once) followed by drying with an aspirator. The residue was suspended in 
distilled water to prepare a 20 mg /ml of solution which was then subjected to ultrasonic treatment with a Sonifia 
185 (Branson Co. in U.S.A.) (outlet control 5, 15 min. f room temperature). The solution was subjected to cen- 
trifugation at 2,500 G, 4°C for 10 min. to separate off the supernatant 

30 The supernatant was treated at 4°C with nucleases, DNase I and Rnase A (both manufactured by Sigma 

Co. in LLS.A)for15-16 hrs; totally 10 ug/m£ of DNase I and 20 ug/mf of Rnase a were used. The same amount 
of the nucleases as the above were added to the mixture followed by warming at 37°C for 2 hrs and centrifu- 
gation at 2,500 G, 4°C for 10 min. to separate off the supernatant 

The supernatant was filtered through a pore size of 0.2 pin using Acrodisc manufactured by Gelman Co. 

35 in U.S.A. The filtrate was subjected to molecular sieve (resin: Sepharose 6B manufactured by Pharmacia Co. 
in U.S.A; column size: 5 cm (i.d.) x 100 cm (length); buffer 10 mM of Tris-HC£ / 10 mM of NaC£ (pH 7.5); flow 
rate: about 3 m*7cm 2 /hr.)- The fractions confirmed to be positive to limulus test with LS-1 kit commercially avail- 
able from Sei-Kagaku Kogyo Co. in Japan were collected and filtered through a pore size of 0.2 urn using Acrod- 
iscmentioned above. The filtrate was subjected to ion exchange (apparatus: FPLC manufactured by Pharmacia 

40 in U.S.A.; resin: mono Q HR 10/10 manufactured by Pharmacia in U.S.A.; buffer 10 mM of Tris-HCf / 10 mM 
of NaCf (pH 7.5); flow rate: 2 m£/min.) wherein the filtrate was washed with the buffer for 15 min., then, after 
the NaCf content of the buffer was increased to 165 mM, for 30 min., then, for 20 min. while increasing the 
NaCf content to provide a NaCf content gradient from 165 mM to 1 M, and then, for 30 min. attheNaCf content 
of 1 M. The fractions confirmed to be positive to limulus test with LS-1 kit commercially available from Sei-Ka- 

45 gaku Kogyo Co. in Japan were collected. 

The collected fractions were combined and desalted on a column (resin: Sephadex G-25fine manufactured 
by Pharmacia in U.S.A.; column size: 2 cm (i. d.) x 25 cm (length); eluting agent distilled water), and then 
lyophiiized. 

Nucleic acid is of the greatest possibility of being mixed in the lyophiiized sample (4.50 mg). Therefore, 
so the UV absorption curve (200 - 400 nm) was prepared, and the absorbance at 60 nm was determined. The 
nucleic acid content was calculated to be 1 % or less on the basis of the above absorbance in view of the fact 
that the nucleic acid content was 50 u.g/m£ in the case where the absorbance was 1. In addition, no apparent 
evidence showing the presence of a protein was observed in SDS electrophoresis. Thus, considering the detec- 
tion sensibility, the highest content of proteins which may be mixed in the above lyophiiized sample was esti- 
55 mated to be 0 - 3 %. Accordingly, the purity of the above lyophiiized sample was estimated to be 96 % or more. 

The physical properties of the thus prepared B. pertussis LPS were determined in the same manner as 
described in Reference 
Example 1. The results were as follows: 
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Physical properties of B. pertussis LPS 



Molecular weight: 6,000 ± 1 ,000 
9,000 ±1,000 

s (the data of the two stained bands of the highest stained strength of the plural Coomas- 

sie stained bands observed) 
Phosphorus content 5 per molecular weight of 8,000 
Hexosamine content: 16 ±2 per molecular weight of 8,000 
Fatty acid content: 5 per molecular weight of 8,000 
10 KDO content: 2 ± 1 per molecular weight of 8,000 

The physical properties of E. coli LPS (0128: B8 manufactured by Difco Co. in U.SA.) determined in the 
same manner as described in Reference Example 1 were as follows: 



Physical properties of E. coli LPS 



Molecular weight 30,000 ± 5,000 

(the data of the stained band of the highest stained strength of the ladder-like succes- 
sive Coomassie stained bands) 
Phosphorus content 1 2 per molecular weight of 30,000 
20 Hexosamine content: 45 ± 6 per molecular weight of 30,000 
Fatty acid content 1 8 per molecular weight of 30,000 
KDO content 5 ± 1 per molecular weight of 30,000 

Illustrative embodiments of preparations containing^LPS according to the present invention will be given 
in the following examples wherein the LPS content is in terms of E. coli LPS calculated according to limulus 
25 test 

Example 1 (tablets) 

30 Wheat LPS 0.04 g 

6% HPC lactose 178 g 

Talc stearate 8 g 

Potato starch 14 g 

The above ingredients were mixed and formed into 400 tablets each weighing 0.5 g and containing 0.1 mg 
of wheat LPS. 



Example 2 (solution for internal use) 



Chlorella LPS 1 mg 

Purified water 100 m% 



Example 3 (ointment) 



55 



Wheat LPS o.i g 

Purified lanolin 80 g 

Yellow petrolatum ad 1,000 g 
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Example 4 (injection) 

Wheat LPS 0,5 mg 

Distilled water for injection ad 1.000 ml 

Experiment 1 (quantitative determination of limulus test-positive vegetable LP S) 

The quantitative determination of limulus test-positive LPS contained in various plants was carried out using 
Toxicolor System commercially available from Sei-Kagaku Kogyo Co. in Japan. 

1 ) Distilled water for injection was poured in a flat- or round-bottomed plate having 96 wells in a proportion 
of 180 n £ per well. Twenty u. £ of the test sample (when the sample is a solid, it is dissolved in distilled 
water for injection) was placed in one of the wells of the plate. Pipetting was effected while stirring with a 
plate mixer to prepare a ten-fold dilution; hereafter, 20 u £ portions of the respective diluted samples may 
be collected successively to prepare ten-fold serial dilutions including 100-fold, 1000-fold and so on. 

In addition, the degree of dilution may be changed as desired by adjusting the quantitative rate of the dis- 
tilled water for injection to the sample. 

2) As the internal standard, a 100,000-fold dilution of a solution containing 1.5 u. g/m£ of E. coli was prepared 
and used to confirm that the dilution process and the chromogenic behaviors of the limulus test were nor- 
mal. 

3) Thirty-five u £ of the ten-fold dilution mentioned in the above 1) placed in a well of another plate followed 
by addition of 35 u £ of LS-1 set of Toxicolor System commercially available from Sei-Kagaku Kogyo Co. 
in Japan. The mixture was allowed to stand at 37°C for 30 minutes, then 105 n £ of 1 M aqueous acetic 
acid was added to the mixture to terminate the reaction. The absorbance of this sample solution was deter- 
mined at a wave length of 415 nm using Plate Reader MTP-100, an absorbance meter for 96 wells man- 
ufactured by Corona Denki Co. in Japan. Distilled water was used as the background, and 42 pg/mf of the 
ET-1 set of the Toxicolor System of Sei-Kagaku Kogyo Co. in Japan was used to prepare a calibration 
curve. This calibration curve was used as the basis to determine the quantity of the limulus test-positive 
vegetable LPS of the respective test samples; the absorbance of distilled water was assumed to be 0. 
Here, the experiments were carried out again at other dilutions when the value did not come within a range 

of 10 - 45 pg/mf because the chromogenic strength was confirmed to depend on the content of the limulus 
test-positive vegetable LPS within said range in the case where the above-mentioned LS-1 set was used. 

The quantitative determination of the diluted sample was calculated according to the following equation: 

(the value determined on the calibration curve) x (the degree of dilution) 

The results of the experiments are shown in Table 2 where solid samples are reported in units of ng/g, and 
liquid samples, in units of ng/mf . 

In the table, the companies and places referred to in the column of samples, are the suppliers and growing 
districts of the respective samples. Samples without such referring-to were bought at the Nakano-cho branch 
of the super store Chujitsuya located in Tsukui-gun in Kanagawa, Japan, and their makers could not be iden- 
tified. 
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Table 2 

Content of limulus test-positive 
Sample (solid) LPS (ng) 



Gymnosperm 

Pinus spp. 12 5 

(Konan Boelci Co* in Japan) 



Monocoty 1 edoneae 
Hard wheat seeds 

(Chiba Flour Milling Co. Ltd- In 
Hard wheat seeds (m.w.: 5,000 or 
(Chiba Flour Milling Co. Ltd*) 
Hard wheat flour 
(Chiba Flour Milling Co. Ltd.) 
Wheat bran Cm.w. : 5000 or more) 
(Chiba Flour Milling Co. Ltd.) 
Wheat germ 

(Chiba Flour Milling Co. Ltd.) 
Wheat germ (m.w.: 5000 or more) 
(Chiba Flour Milling Co. Ltd.) 
Unpolished rice 

Rice flour (m.w.: 5000 or more) 
(Hinomoto Koku-fun Co. in Japan 
Rice brain 

Rice brain (m.w. : 5000 or more) 
Corn flour (m.w. : 5000 or more) 
(Taiyo Shiro Co. in Japan) 



2 , 2 5 O 

Japan) 

more) 1, 0000, 00O 

7,500 

3 0 0 

1.600 

<10, 0 0 0 

1.10 0 

3 1, 0 0 0. 0 0 0 
2 9, 0 0 0 
5 0 0. 0 0 O 
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Corn grits (ro.w.: 5000 or more) 12 0 
CTaiyo Shiro Co. in Japan] 

Corn (Wako Shokuryo Co. in Japan) 2 0 0 
Gramineae Sasa (Sekimoto Bussan Co. in Japan) 15, 000 

Iridaceae Iris Cseeds) 3 , 3 0 0 

Garlic (bulb) 7 0 

Asparagus (bud) 4,500 

Zingiber mioga (flower) 4 1, 0 0 0 

Colx Lacryma- jobi L. var . Ma-yuen Stapf 2 , 3 0 0 
cUchida Wakan-yaku Co. in Japan) 

Pinellia ternata (Thunb) Breltenbach 5 , 5 0 0 
CMatsu-ura Yakugyo Co. in Japan) 

Ophiopogon japonicus Ker-Gawl. var. genulnus 4 , 0 0 0 
25 Maxim- • 0. japonicus Ker-Gawl. 
(Tochigi Tenkaido Co. in Japan) 

Turmeric (SB Shokuhin Co. in Japan) 19 5, 000 



10 



15 



20 



30 



35 



40 



45 



50 



Dicotyledoneae 

Soybean (San jo Shokuhin Co. in Japan) 15 0 

Soybean (m.w.: 5.000 or more) 4 0 0 

(Hokuren Co. in Japan) 

"Adzuki" bean (Wako Shokuryo Co. in Japan) 4 5 O 

"Adzuki" bean (m.w.: 5,000 or more) 36, 000, 000 

(Wako Shokuryo Co.) 

Broad bean (raw) 750 
Potato (m.w.: 5,000 or more) < 0 

(Hokuren Co. ) 

Japanese medlar (seed) 8 0 0 



55 
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Avocado (seed) 






g 


5 


o 


Peach C s eed ) 




4 , 


5 


0 


o 


Walnut' ( s^pd 1 






g 


o 


o 


Broad bean (*»^ed) 






7 


5 


o 


Pumpkin (seed) 


1 


V 9 


0 


0 


o 


Tomato (raw herrv) 

4 w jji a. U w V 1 CLOT A* Wl 1/1 


1 




5 


o 


o 


"Kaiware daikon" (Japanese radish) ( except root) 

AN O 1 W ui \JLCI & A\/Xi \ 1/ OL f Gill W «J w 1 ClU & — ' A.I ^ V w ^ wwf V* L UVJ L> J 


5 


0 , 

w 9 


o 


o 


o 


Acti ni di a doI vcrama Maxim 


4 


0 . 


o 


o 


o 


(Marukyu Buss an Co. in Japan) 












Gynostemma pentaphyl lum (Thunb.) Makino 


7 


3 , 


0 


0 


n 


( K. K. Sakurai in Japan) 












Houttuynia cardata Thunb (on wet weight basis) 




1 , 


2 


0 


n 


(Medicinal plant garden belonging to Teikyo University in 


U d 


White pepper (SB Shokuhin Co.) 




2 . 


3 


0 


o 


Capsicum annuuni L. (Konan Boeki Co. In Japan) 




2 , 


3 


0 


o 


Illicium verum Hook. fil. (Konan Boeki Co.) 




5 , 


5 


0 


o 


Nutmeg (Lion Co. in Japan) 




2 . 


0 


0 


o 


Sour orange (Uchida Wakanyaku Co.) 




8 , 


0 


0 


o 


Kudzu-vine (Tochigi TenkaidoCo.) 




3 , 


0 


0 


o 


Glycyrrhiza glabra L. var. glandullfera Regal 


1 


8 , 


0 


0 


o 


et Herder (Uchida Wakanyaku Co.) 












Carrot (Uchida Wakanyaku Co.) 


4 


5 , 


0 


0 


o 


Sesell libanotis Koch var. daucifolia DC. 


5 


0 , 


0 


0 


0 


(Tochigi Tenkaido Co.) 












Sinomenium acutum Rehd. et Wils 6 


0 


0 , 


0 


0 


0 


(Tochigi Tenkaido Co.) 












Uncaria rhynchophylla Miq., Ourouparia 




7 , 


0 


0 


0 



rhynchophylla Matsum. (Uchida Wakanyaku Co.) 
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Hachlmi- jiwogan (Kanebo Yakuhin in Japan) 


1 


7 


9 


0 


0 


0 


ShosaiJcoto (Tsuraura in Japan) 


1 


3 


> 


0 0 


0 


Gore i to (Tsuraura in Japan) 


1 


2 


* 


0 


0 


0 


Choreito (Tsuraura in Japan) 


1 


4 


* 


0 


0 


0 


Juzendaihoto (Tsumura in Japan) 




8 


» 


0 


0 


0 


Hachlmi- jiwo^an (Tsumura in Japan) 




8 


J 


0 


0 


0 


Royal Jelly (Pekin Royal Jelly) 




1 


t 


0 


0 


0 


Honey (Kato Blhoen Honpo Co. in Japan) 








8 


0 


0 



Pter idophyta 

Horse tail (on wet weight basis) 7 0 0 

(Medicinal plant garden belonging to Teikyo University in Japan) 
Royal fern (Sekirooto Bussan Co. in Japan) 10, 000 



Algae 

Undaria pinnatifida Suringar 11, 0 0 0 

(Sanriku district in Japan) 

Bud of Undaria Pinnatifida Suringar 2 0 0, 0 0 0 

(Moriya Kenko Shokuhin Co. in Japan) 

Hijikia fusifornis (raw) 8 5,000 

Bud of Hijlkia fusiforrois 10 5, 000 

(Sho-zen Hon- ten in Japan) 

Kelb (Yamato Takahasi Co. in Japan) 2 3 5, 0 0 0 

Asakusa laver (dried raw laver) 1 3 0, 0 0 0 

Chi orel la 

CHealstar Japan YS Co, in Japan) 1 , 9 0 0, 0 0 0 

(Mannan foods YS Co. in Japan) 1 , 0 0 0, 0 O 0 
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Fungi 



Lentinus edodes sing., cortinellus shiitake 


1 


6 




0 


0 


0 


r» nenn. i oniiBoni td in jni ^uoKd* japan) 














wiutcx jjjuoiir cjoiu v i\«Kano li ty in i\ayano, japan J 


o 

z 


r\ 


9 


u 


u 


u 


LyopnyiJLUJD snimeji ibexa—gun* Miyagi -macni 


/I 


r\ 

u 


9 


u 


o 


u 


in vjunma* japan ) 














roiyporaies Griioia luntone in Japan) 


2 0 


er 
O 


9 


0 


0 


o 


AwaoitdKC i Hanyu in Japan) 




8 


9 


0 


0 


0 


wiusnroom 


2 


0 


9 


0 


0 


o 


Jew's ear 


7 


5 


f 


0 


0 


0 


Phollota nameko 


2 


1 


9 


0 


.0 


0 


Ebios 


2 5 


0 


9 


0 


0 


0 


(Brewer's yeast manufactured by Asahi Beer Co- 


tn 


Japan) 




Cordyceps sinensis Sacc. ♦ Cordyceps 


2 4 


0 


9 


0 


0 


0 



sobolif era 



Sample (Liquid) 



Beer 



Klrin's FINE PILSNER 

LAGER BEER 

HEARTLAND 

FINE DRAFT 
Asahi 's SUPER YEAST 
Wine 

Suntory's Ste. Nelge (white) 

(red) 
Cidre (apple) 



Liroulus test-positive 
LPS (ng) 



1 5 0 

2 5 0 

5 5 0 
4 0 0 

6 0 0 

1 3 

2 4 
9 0 0 
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Sake (Japanese liquor) 
Ozeki. first grade (Ozeki Shuzd Co.] 
5 Kizakura, second grade (Kizakura Shuzo Co, ) 

Taikan Ginjo. second grade (Gyokusendo Shuzo Co.) 

w Sake from unpolished rice 
Hibl Ikkon (Ozeki Shuzo Co.) 

is Herb liquor 

Totoshu DELCUP (Totoshu Honpb Co. in Japan) 

20 Shochu (Japanese low-class distilled spirits) 
TAKARA SHOCHU (Takara Shuzo Co. In Japan) 

25 Others 

KY0LE0PIN (tfakunaga Seiyaku Co. in Japan) 
Garlic extracts (Wakunaga Seiyaku Co. in Japan) 

30 Gross Q (Chi orel la Kogyo Co. in Japan) 6 , 

Ohraugi Kenko Mekkoru (Ichiwa in Korea) 2 , 

Sacron Herb Solution (Ezai in Japan) 1 , 



Extracts of dishcloth gourd 

Bio-arugen (Chi orel la Kogyo Co. in Japan) 

Pan-siron Naifukueki (Rhoto Seiyaku Co. in Japan) 



Yunkeru Fantie (Sato Seiyaku Co. in Japan) 

Korlhogusu (Kobayashi Seiyaku Co. in Japan) 

Today (Sankyo in Japan) 

Mio D Kova 100 (Kowa in Japan) 

Ri-gein (Sankyo in Japan) 



2 . 4 

1 . 7 

2 . 1 



1 2 
1 . 2 



< 2 . O 



6 0 0 

3 5 0 
0 0 0 
0 0 0 
0 0 0 

7 0 0 

4 0 0 
2 0 0 

5 0 

3 0 

2 0 

1 0 
9 



50 



55 
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Roburen 50 (Dai-lchl Seiyaku In Japan) 7 
Soruroack CTaiho Seiyaku in Japan) 6 
Ro-Jerry Gold (Chugai Seiyaku In Japan) 5 
Pas-bitan 30 (Tokiwa Seiyaku in Japan) 5 

Thxo-bita CTaiho Seiyaku in Japan) 5 or less 

Ripobitan (Talsho Seiyaku in Japan) 5 or less 

Aspara Gold (Tanabe Seiyaku in Japan) 5 or less 

f^!*?. 2 (Ch0i ? °J LPS Wh0SS macr °P ha g e act "*»°" EDg ) is 0.4 - 100 ng/ml of culture so lution in 
terms of its limulus test-positive LPS content) - 

mif .7r Q hUnd J Bd ,!l < { ll 105 C<5,,S) /We " of macro P^ge peritoneal cells of mice (each group comprised three 

7T \ haVin9 a " aVerage wei9ht of 29 9> were P |aced jn a flat-bottomed plate hSSSSS 
and 10 ,*t of recombinant IFN-y (100 units/m<) as a primer was placed in the respect* ^ weTs SeparaS y 
extracts prepared by extraction of various LPS sources with hot water at 65°C for 5 hrs wereXted 2 Zar ous 
degrees, and then were administered as triggers to the cells three hours after the a««tX 

3 00? G P for '^l / T * ^ hOUr CU ' tUre ' tHe SOlUttons were -bje^d to in^aZS 

tS - « L ^ t P ' Pette W3S US6d t0 00,1601 130 » * of the supernatantfrom the respective wens and the 
TNF acbvrty was detained on the basis of the toxicity to L929 cells. The limu.us test-pos Ze LPs' Zntent 
was determmed us.ng Tox.co.or System* commercially available from Sei-Kagaku Kogyo Co "n Japan 
sohlr iT! P f* - 10 Prepare 3 9raph Wherein auan «* of the TNF produced (unite / mfof culture 
S^JS£? - . a ? n ? ^ "f ° f 0rdinate ' Wh6reaS the °"~P««na limulus test-posTveTpl content 
(ng / me of culture solution) was plotted along the axis of abscissa (on a logarithmic scale) and a siamoid I cun,* 
was prepared on the basis of the plotted points. The macrophage activation ability S i£SJ? 0 ^S 
JndTon v ^^P 0 "^ to "» ^antity of TNF produced by macrophage with no trigger added hereto 
and 00 % was ass,gned to the macrophage activation ability which provided the maxima? constant of TNF 

2^SM^Lr"~ to provide so% ° f macropha - ~ 
.e^:~^^ 

2Srr r r ntityof ^w^^/^^^ZiSS 

vaton ability (%) and limulus test-positive LPS content (ng / m* of culture solution) resoecbvelv HerL 5L 

aTal a ^ NF pro H ducedin the 0386 where no — addea was 075 « 

unite ?3 TZ^ZTT 10 ^ ° % 0356 Whefe *• qUanUty ° f the TNF produced v^s 0 75 

un,ts / ml or less. The macrophage actuation ability (%) was calculated according to the following equation- 

Quantity of TNF produced- 0.75 

Maximal constant of TNF -0.75 x10 ° 
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Table 3 



LPS sources 


TNF 


Activation ability 


LPS 


Turmeric 


0.75 


0 


0 




3.9 


9 


0.6 




36.3 


100 


60 




36.3 


100 


M000 


Sinoraenium a cut urn 


0.75 


0 


0 


Rehd. et Wils. 


40.7 


100 


4 




36.5 


90 


400 




40.7 


100 


MOOO 


Kelp 


0.75 


0 


0 


(Lamlnaria japon- 


1.3 


4 


0.8 


ica) 


13.0 


100 


80 




13.0 


100 


MOOO 


Asakusa laver 


0.75 


0 


0 


(Porphyra tenera) 


1.0 


2 


0.3 




12.8 


100 


30 




12.6 


100 


MOOO ! 


Extracts of 


0.75 


0 


0 


Undaria pinnatif- 


1.3 


4 


0.2 


Ida Suringar 


15.5 


100 


20 


(bud) 


15.5 


100 


MOOO 


Hljikia fusiform- 


0.75 


0 


0 


is (budD 


5.7 


8 


0.7 




62.7 


100 


70 




62.7 


100 


MOOO 


Ebios 


0.75 


0 


0 
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0.6 


0 I 


0.7 




30.6 


100 


70 




30 .6 


100 


MOOO 


Cordyceps sinens- 


0.75 


0 


0 


is Sacc. , Cordyc- 


2.0 


4 


0.4 


ps sobollfera 


30.3 


100 


40 




30.3 


100 


MOOO 


Undaria pinnatif- 


0.75 


0 


0 


ida Surlngar 


0.9 


1 


0.4 


(bud) 


22.7 


100 


40 




22.7 


100 J 


MOOO 


Chlorella 


0.75 


0 


0 




39.2 


100 


9.6 




35.0 


89 


960 


E. coli LPS 


0.75 


0 


0 




3.6 


27 


2 




10.2 


89 


20 




1 1.4 


100 


200 




10.9 


95 


1 2000 


Wheat LPS 


0.75 


0 


1 0 




0.7 


0 


2 




10.1 


99 


21 




10.2 


100 


210 




8.5 


82 


| 2100 


B. pertussis 


0.75 


0 


0 




0.7 


0 


11 




3.3 


55 


. no 




5.4 


100 


1 1100 
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10 



Lipid A 


0. 75 


o 


0 




4.7 


37 


2 




9.4 


80 


24 




11.1 


96 


240 




11.5 


100 


2400 



15 



20 



The results given in Table 3 are shown in Figs. 5-8. 

In Figs. 5 - 8, the axis of ordinate represents the macrophage activation activity (%), whereas the axis of 
abscissa (on a logarithmic scale) represents the limulus test-positive LPS content (ng / vn£ of culture solution). 

In Fig. 5, O , • , □ , and ■ show the data of Turmeric, Sinomemium acutum Rehd. et Wils., Kelp and asak- 
usa (aver, respectively. 

In Fig. 6, O , • and □ show the data of extracts of Undaria pinnatifida Suringar (bud), Hijikia fusiformis 
(bud) and Ebios, respectively. 

In Fig. 7, O , # and n show the data of Cordyceps sinensis Sacc., Cordyceps, sobolifera, Undaria pinnati- 
fida Suringar (bud) and Chlorella, respectively. 

In Fig. 8. o , • , □ , and ■ show the data of E. coli LPS, wheat LPS, B. pertussis LPS and lipid A, respect- 
ively. 
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Experiment 3 



(determination of effect to lower cholesterol level) 



To female WHHL rats having an average body weight of 4 kg, there was given only drinking water (control 
group) or drinking water containing 1 mg (900 ng / g in terms of limulus test-positive LPS) / mf of Powder A-a 2 
30 prepared as described in Reference Example 1 at will over a period of 45 days. The quantity of the water taken 
was about 500 ml per day in the respective groups; no significant difference was found. Further, the body weight 
of the animals changed little during the experiment. 

The serum cholesterol level was determined using V cholestase (Nissui Co. in Japan). The results are 
shown in Table 3 given below as an average of the three. In the table, "the start" means the start of the medi- 
35 cation. 
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Table 3 (Serum cholesterol level: mg/ma) 



Determined 




Test group 


7 days before the. start 


6 7 3 9 


4 1 i) . 0 


l day before the start 


R 7 13 0 


3 7 5. 1 


2 days after the start 


B Q R 0 

«-J £3 O 


3 0 8. 0 


9 days after the start 


7 n 1 p 


0 O 8 . 0 


16 days after the start 


r n r 1 


2 5 0. 0 


23 days after the start 


5 7 7 K 


^ 0 1 . 0 


30 days after the start 


5 8 7.4 


18 2.6 


37 days after the start 


6 16.0 


2 6 9. 5 


44 days after the start 


6 3 4.7 


2 2 1.2 


50 days after the start 


5 6 7.6 


2 11.2 


57 days after the start 


6 3 7.4 


2 0 2.4 



Fig. 9 is a graph showing the results given in Table 3. In Fig. 9 • reoresents the d*t* nfth* ~>„f~i 
Dose, interval and toxicity 

th* nrl!» T and »- the inter ?' ° f the cholestero| -'owering agents and veterinary cholesterol-towering agents of 



26 



EP 0 462 021 A2 



LPS 


LD»o / Kg cmg) 


i . v. 


i .c- 


Wheat LPS 


3 . 2 


1 6 


E. coLi LPS 


3 . 4 


1 6 


B • pertussis LPS 


1 1 


3 2 



15 Claims 

1. A cholesterol -lowering composition comprising an effective amount of at least one member of LPS whose 
macrophage activation ED50 is 0.4 - 100 ng/ml of culture solution in terms of its limulus test-positive LPS 
content observed on a sigmoid curve prepared by determining the ability of the LPS to activate the TNF 

20 productivity of macrophage cultured in vitro, and plotting the macrophage activation ability (%) along the 

axis of ordinate wherein the ability is estimated to be 0 % in the case where it corresponds to the quantity 
of TNF produced by macrophage with no LPS added thereto, and 100 % is assigned to the macrophage 
activation ability which provides the maximal and constant quantity of TNF produced by the macrophage 
and plotting the limulus test-positive LPS content of the LPS along the axis of abscissa on a logarithmic 

25 scale, in admixture with a pharmaceutical^ or veterinarily acceptable carrier, such that when administered 

to an animal, high cholesterol level of said animal is prevented or cured. 

2. The cholesterol-lowering composition of Claim 1 , wherein the LPS is selected from the group consisting 
of vegetable LPS, bacterial LPS and lipid A. 

30 

3. The cholesterol-lowering composition of Claim 2, wherein the vegetable LPS is wheat LPS. 

4. The cholesterol-lowering composition of Claim 3, wherein the wheat LPS is the one having the following 
physical properties. 

35 Molecular weight: 8,000 ± 1 ,000 (on SDS electrophoresis) 

Phosphorus content: not less than 1 per molecular weight of 8,000 
Hexosarnine content 6 ± 2 per molecular weight of 8,000 
Fatty acid content 6 ± 2 per molecular weight of 8,000 
KDO content 5 ± 1 per molecular weight of 8,000 

40 

5. A composition for treating high cholesterol level of an animal comprising an effective amount of the compo- 
sition of claim 1 to prevent or cure the high cholesterol level of said animal. 
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FIG- 1 
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Wheat LPS 
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FIG. 6 




33 



EP 0 462 021 A2 



FIG- 7 
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FIG- 8 
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